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b-S. S b - S e ^^^gjc^tr^ Ci7&5$f S LV^o cn<h(Dum\z 

■3t^T t). ±mtmm(Dm 3 Rzs/^rzit^4 <Dun^ma-r^ ^ t tc 

^J;lt^, Sb-Al-Ge> Sb-Al-In, Sb-Al-G 

a, Sb-Sn-Al. Sb-Sn-Al-N. Sb-In-Ge-N 
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iJp X. e. nx Li n J: c 

BmmcDmmii. l nm&.± 2 5 nm^r. W\Z 1 nmi^± 1 5 nm 

^mi)^i^^<fs.^x-m^m%^^^fT'Dtzmzmm^i:t^^\:'^<t^^. 

mizmf^-^n^tzib. m^^^^n^mz\t. m^^^^. um-^T^e 
15 itiz'^->mf3:mm\t. mm(Drcib<Dmm^ii:-mt-r^rcib. y^jiyrx 

/•^^>y.i)^mn. tB^T-i:7/5i^^^T< /cC^o LtS^L.. Ac>0. 8 

20 Aa i:T-5^, M.m.±^<^^'^y>y^ti^urzn^rztb\z^-j-<—'^-i h L 

tfJi^o J^±(Dm^\Z^iO . Ac>0. 8 A a J;-? 

25 ^tt, uim.^M'i-^^uu^uPt^m^^^m'tiiitmiX^x. —mzmm 
^^m^x'^^tz.}^. ^K>^mf3.:<^4T h-r^^t^^x^^. ntnt. 
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2. 6 <i:I^^(?)#i^^ffl^m^ictlio 

\z;^^t^<DE«f)^0 . 9eVU±2. 0 e V (Omm^mr:!^^ t: 
r^o CinfCcfc-pTJ; D^?^S#J, 3 0 0 nm~4 5 0 nmOgtS 

fB^S2 2<DM^«i:LT«. mmm 4 ^f^-tun tmmiz-^m^it^, 
i^mmt. m&^it. ^rcitmm.miz^^y^$>{i^±c^fimun(D 

Ge, Se-Sb, Se-Ga, Se-Ag, Se-Zn, Se-Si> 
25 Sb-S, Ge-S, Zn-S, Zn-O, In-O. Sb-O. Si 
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^ti,-rt^m^nt'^^^th-T^^^o m^it. Se-Ge. Se-Sb 

t^'ajm&=}^WtitR]^^±\:^^t^^Unhi^T\^. SnOx, SbOx. 
Si Ox. ZnOx. InOx (CICT. i^\t^m^Z:^if ^it^mm 

20 i^xx/'^y ^ >ifi^izjz^0rmm<D0^myjmiz:::>\^^TmmT^. me 
\z, x/'^y^^)>'^fm\zj:^]iimmm(D-m(DWi^^^To zLcommx' 
it. M^^msizuma I 4^mi^xm^if^>-f mm^vs^) f)imm-^ 

n> M^^^8fy^mM^lzWo:itA^Xt^^o\zU-oX^^^o 

25 :»x^m^^x^^. ^fz. m^9(D^<i^^^norztb(Dmwi^mi 0-^^ 

mPLiE>nx^^^o 7.f\v^^-fv Nil \t^U 1 2 tdJlE^^nTVi^. 
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5 Ar, K T^^m^^mt^i^^o 

'^\z. yt^mm^mmi^<D$imn^:^mz'D\,^xmmr^o m7iz. 
mmn^izm^^^mm<D-m(Dmm'^^-to :i(Dmm\t. m^(Dmmn 
^'Rzsm^<Drzi^\z. u—*f-^mi5t. U'—^-^^m.^i^7.-!r^y h 
20 \zi^K>T^tirziit><Dnmu>xi 6^mwLi.rzyt^y u-^-yt^ 

mzsmmizmw.ti.:ij\^<D^m'^Mm-t^rztb(D h ^ y^y^^mmmm 

^rztb<Du-if-mmmw: m^mm) . ^^mm^mmw i^y'^x 
25 ^17) ^m^-^-^^fztfxDmnmmmmi 9 t^m^xi^^^o 
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^W^U-^-%^^M-t^Z.ii\z^y}no, l^— tf-(D.^MlCcJ: DIB 

^ ; 1/ T O 1/ - tf - M { 3 =1: -rp T IB ^ - ^ O ^ # 6<J ^ ^ § r > 

o CD MIt ck o T<K#:;^^ 6 12^ -7 - ^ ^ © J?) ^ 

*«^§e.n^A'7-u^;i/S?l^/t'7-i/^;i/P 3<h L, p aOA"?-©!/ 

0 nm~4 50nm. i^fC350 nm~4 5 0 n m(7)^fflf^75WS b l^c 
it* - ^ T 1^1 - T ^ o T t) — SB S 7i o T V i T t) J: V i o 
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35±(C. ^mmS7, 39, . , 4 1 ^1>\-l.Xnm. (nitn^Z^m 
^m<. U-1f-xmm*^<^lk^X (n-l) mS^TOlt^M (^1 

5 mmmse. mzm^ms s^^^^m (n-i) mmm4o^x) ± 

^mm 3 7, 3 9. . . 4 Ui. l^-- !f-^(3*fLTMHj7^S*WS 

mmunt:m\f^rzB&mm^mmvx'hJ:\^^i:)^, 2f:^§gT4#M^'tt6n§ 

tl-^^^. m^mm^-i yommm ( ROM (Read Only Memory) ). S 

fzittimop^m^j^.^'^mtjimnmtLxhj^iK 
20 $€>fc:, n = 2(Dm'^or)0'mBmmw^mizt-oxnmizmm-r^o 

(DmmXit. % 1 ft 110, ^ 2lf$gH 2 1 0 <h SIS 1 0 1 

mti^^m\z. m\<D^m.m\ Q 2 , 2 o 2, ^ i i o a, 20 

3, fE^Sl 0 4, 2 0 4, II2(Z)#®M 1 0 5, 2 0 5, m2(Dmm 
25 Ml 0 6, 2 0 6, S#tMl 0 7. 2 0 7 jJ^WS^nxl^i-So ^tz. m 

mmmiio. 2io<Dm\zit. mmmm^^^^\z^^-r^z.t^^ 
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n^otji^mm. yt^4 x^mmmmmi^-h. sio^. ai,03, z 
mn-v^^mm\z/i^^ Kn^^rztbiz. v—^-^om.^Mm^z <d 2 
10 ^Tic (3) T?isai-e#s. 

AZ = A/ { 2 X (NA) M (3) 

if— 316®j&*Tab^o ^»J^ff, A = 4 0 0 nm, NA= 0.60 
ll,^.iSiSA Z 0 . 5 6 Mmt;5:'5. t)*«J± 0. 6 0 m<D|gffl|*lJt 
15 ^."^^^l^<hJ^cCoTL*"5^8e), Cl£D^-&fi^gi® 10 8 0^$^ii>fj: 
<<hfel. 2 0 iimXK>±'^^^mzWL'^-r^ZLt-hm'^\^^^o ^*5, 

^si 0 8(oi?$«. 2-D(ommLmf^(D^mti'^nmu>X(Dm^'^mfs. 

20 ^2jf$gji2 rots. ^ ilt^ii 1 1 0 $jSiibyci/-if^{Cct oiB 

i&Rzt-r^i, ^ 1 mnm^mi^xm 2mmm^n±-r^n<DKmm r 

i^^TCD^C (4) xtmx'^^o 

25 r2 = R2XTiXT, (4) 
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-r^t. &.T(D^ (5) (omm^s^tL-r^o 

A r 2 = AR2XT, XT, (5) 

m^it. AR2=24%. T , = 5 0%(Dt^\t. ^Itt^S^iibT 
5 ^21f^^^S^-rSI^©Slt^llAr Ar 2=2 4%X 0. 5X 

<h#OMSt¥R 1 a 0 . 5%, IBgi^ 2 0 4 ji^^^^bc^co t 2 If 

15 1 0<^>K#^R2C^1 5%. T=t)VyT7.^m(Dt.^(D^mmR 

^si 0 4, ^m.m 1 0 2. 1 0 6, i o e^mm^mt-^"^^ 
20 &k±(Dm(Dm'^. ^im^m i i oiSLx{c^2it^M2 1 o^fB^n 

^-r^^'&CD^It^M^ (4 3-15)x0. 5X0. 5 = 7%, ^Ht 
I 0(DKM^^h7 . 5-0. 5= 7 XtU^tio 
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v^ffl©^^, m2mmmizMm-r^yt&7f)^±t<U{}>r^tzi^. mzm 
^^mizr^rztbizitRct)i~^(Dm mxi^S'-i o%mm) 

^K^fSLifnitUi^-r, Ra>Rc>a ( a \t-^(DJE(Dm tLxmi^ 

25 '>LTL^ti. ^^mwr±^m{zu^ii^^r$>^. 
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(mmm i ) 

0 9 tmU(om^izii\^^X. 0 1 0. 6mm. 1 2 

5 OmnKDy"^ X^^-^-OtJ-^^^-hmm. ^MMl 0 2, 1 0 6. 2 
0 2, 2 0 6 ^±XZ nS{CSiO2^20mol xm-^l^tzUn. #® 
M 1 0 3. 1 0 5. 2 0 3. 2 0 5 ^^TG e C r N, Sits 1 0 7 ^ 
AgPciCu-^^, SitS2 0 7 ^Ag P d T i -^^^ 13^® 1 0 4 
Ge2oIn45Se3oCr5, 12^® 204^Ge4Sb2Te7<hL;t = 

10 ^fz. ^m(D^mu&.T(Dm'or'$>^o mmm I 0 4, 2 0 4«^n^* 

n7nm. 9nm, #®S 1 0 3, 1 0 5. 2 0 3. 2 O 5 «i^T 2 n 
m. 1 0 7. 2 0 7 tt^n^n 5 n m, 6 0 n m, mmM 102. 

10 6 it^n^n 6 5 n m, 4 5 n m. ^MM 2 0 2, 2 0 6 it^tl^ 
tl90nm. 40nmi:Lfco 
15 7^*3, -ftSS 1 0 2, 1 0 eoMiPfi, MP^^tl-f^nOjO^e A/2 

n nit^m.mun(D^&^iz:i5i-f^mmm) 
t^x^it.-^'^rct^iz'i^^n^mi^o^^s^^^WrW-h. w, i o 

«10 1(cJi, V^yi7\f.y^0. 3 9 nm^d-^ ^X ^ )V--:f^t^ > 
^ZIT, IB#1 10 4,2 0 4*j£M-r5^«, A r \Z^m^ 2 . 5 % 

S'&Lfc^'x^, ^ffi^^i^'o. I z-p &tt^^^o\z^^v. mm\zDc 

1. 2 7 W/cra='©/\°'7-^SAUTfTo;/io 1 0 2. 1 0 6, 

2 0 2, 2 0 Q^i^m-r^mz\^. Ax\zmm^i- o %m'^iytciix 

25 ^^BE*«0. 1 3 P a t7^j:'5i-5tC«ii^b, I^MfCRF 5. 1 0 W/^ c 

-Ri^g 1 0 7. 2 0 7 ^mmr^mit. 
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At iSX^-^EEO . 2 6 P a {C:^j:^ck^ DC4. 45W/c 

m'O/t^-^SALTfTo;^, If®^ 1 0 3 , 10 5, 20 3. 205 

mtom-^^'T. (^m^ms 0 %) , ^^jxee.^ i . 33? a. 

5 XA-y iS'/t^-^^^RF 6 . 3 7W/cm'tLfeo 

ttCcfcOfrofc. IB^©m^:>&^« (8-16) ^m:^^^L. IB^ • 
M^Sfr^) l^— tf-Tttt, ^1, m2mmmth. &S*t4 0 0 nm, 
10 ^i^^>XOMniC*«0 . 6 0 Ot)(0$rfflVifec :SM-7-i7fi«0 . 2 

c/NJt©w««. (8-16) ^m:^^-c 3 T^-^<D-^--^ m 

iE3^^-+|-*-/t'7-T?BB^L', ;i (^» C/N Jt ^^Jl^T S J; 0 fro 

fco (8-16) ^Pl^^itTOS T:g 

$coT-i:7 ^^jgiET^cu-if-ny-TiB® L;^c^, |wi i; /\° 7 - t i it 

n^m(D:^miz^v . 7.^(o-m\zFim-:&{^±^\zfB 1 mmm:^^^ 
mmmizmm^^m^nr:i^miz^i^^xm^vfzo 
1. omwiLifco m2mnm^tmn^r^mt. m±&oiz^imm 
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ZZX'. t&mm 10 4 (DUn^Ge 2oSb3oSe4sIns^ LTtjS^^: 

^mi^ (1) tr^o iti0^(Drzibiz. ummi o Aom^o e ,sh ^ 
T e stLrzj^.^m^xitmi^ (d tm^tvrzmi^^m^ (o) . te 
5 mm 10 4(Dun^A i ^.s i e ^7 tvrz.'^.^m^Titm^ ( d 
tmmtLfzm^^^m^ cioo) iT-So ztii=,(Dmi^^wmLrzm 



mi) 









C/N 










(eV) 


L 1 L 2 


L ] L 2 




(1) 


Geg oSbg 0864 s Iflg 


1.36 


A A 


A A 


A 


(0) 


GejSbgTeg 


0. 73 


B C 


C B 


C 


(100) 


Al 2 g S i 1 4 Se 5 7 


2.20 


C B 


C C 


A 



fzo ^tzs C/NitlZOViTtt, 5 0 dB&.^^^nrzm-t^A. 4 8 
10 d Be^±5 0 d B*f^T£&-pfe«-&<&B, 4 8 d B^MX h ■:> fzh (D^ 

c tLx^vrz. ^rz. m^w^iz^uxit. n^nrz3 rm^m^^s 

5 dB&,±(Dm^^A. 3 0 d Bi^;l±3 5 d B7feJ^0:^-&S:B. 30d 

B^mo^m-t^c izi^x^Bi^fzo m 1 mnm(om}&miz-z)\,^xit. 5 

0 %u±n^nfz^(D^As 3 0 %&,± 5 0 %*?^-ea5-:>;t fc<^)^B . 

15 3 0 %^mX'&-:^rz'h(O^C thX^VfZo 

±rz. ±B:^m\z^oummi 0 4(D7=E}uy t x^mo^yt^^^ y 
•:/jL^)i^-(DmEo^^tbrzf^^^mi\zm'&x^-ro Eo<Dmmt. 
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miiz^^t. mi^ (1) X'it. m I mmmRnm 2 mmmiz:iii^x . 

m^-\-^±t\^^o :iti\zML. (0) mimnm<DcyNit 
5 ^4 8 dB&.± ft ^tmmm^M<-r^:iti!}^x'^'r. f^zmmmoy 

10 1 0 407^:;u-7TX4^^T*o?8Sg^ii:k a75?:#c#<fj:t), iSSiS^^ 
S^, (10 0) Tti. Mig*«^^{Ci«<^^T'^^*^, ^1 

0 2. 1 0 6 ©iK»*^<k$-B-Tfel^<^l?2fe-D;to dtltt, i2Si^C!)*t 

20 *^flJ<7)SiJ©.||iSM<i: LT, IB^S 1 0 4 ^n^'nGCig 
S b 27 S e 50 I n 5. G e 2 2 S b 3 3 S e 4 o I n 5 , Ge24Sb36Se3 
sing. GeaeSbagSesoI n 5 1 Lfci^.^imViTfiii^: ( 1 ) <h|WI 

e^fi£Jt$:^^l:$-&. aOOGetSb <!: ©It^d^-^ 1 75: § J; 

25 o\zw^m.\^tz. z.ti^^^ri^nm.^ (2) ~ (5) t-r-s. *2{r, 
(2) ~ (5) \z'D\i^x%iLn^(omm-^n-z>tLi^^^7P,-t. 
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(^2) 







Eo 


C/N 








urn 


(eV) 


L 1 L 2 


L J L 2 




(2) 


GBj gSbj /Sesolns 


1.40 


A A 


B A 


A 


(3) 


Gez aSbj 3864 0ID5 


1. 33 


A A 


A A 


A 


(4) 


Ge2 eSbs 9863 0 Iflg 


1. 28 


A A 


A A 


A 


(5) 




0.96 


B A 


A A 


B 



m2\z^nii. (2) ~ (5) ovi-rniioviTfe, mimmm. 

itun^mmm 1 0 4 tvxm\^^^m^. mimi^omj^m^M<m^ 

C / N Jt ^# S (1 i: 75^ pJtg t S . 

(1) ~ (5) ^itm-r^t. Bmm^<Ds em^itas 0 a t % 

^±<D^-a-?i^^3&^*^^{£Tb, 2 0 a t %£>ITC0:»-&C/Njt>i>^-^^ 
i&TT^o z.<Drctb. S emfigJttt2 0 a t %J; 0:*c# < 5 0 a t %cJ; 
10 i:7&^#(c:^?SbVi. dOS e SU^iMfi^lSatt, S e ^J;^ 

^1- *j 5!s^ ^ ffe © TO Ts ^ ^ « ^ T t> a iwi ^ T o 

bE^« 1 0 4^{Z^^n^ ShRZS I n (Di^t> 0 tLX. Sn. G e . 
Si, In, Ga, AK B i VifcJg^ , lii^mUO ^ttf-tj^ij^i^ 
m^i^tl^o ^fz. Ge^Al, Ga, Si, Sn, Bi, Ti, Nb, 

15 Or, Mo, c o(Do-^<D'Prj:< th i-D^-Qt^umzm^i^^rzm^ 

;k\Z, ^&mm 10 4^, ^tl^tlA lsGeioIni5Te70' AI5 
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GCioInzsTego- Al5GeioIn45Te4o» AlgGeioIng 
5T e 2 AlgGeioIn^oTei - tLfzA^m^^TitmiW (1) t 

(10) tr^o ^(oiL^. m 1 mnmo:>^m(Dmmii. umm 102. 

5 1 0. 6 $:^n-6n9 0 nm. 5 0 n m <h Dt^^Srl^^^T^ift^ ( 1 ) t 

msiz. (6) ~ (10) {z-Di^x. mmn^u-if-M^4 i 

10 (c^-To 



(^3) 







Eo 


C/N 






#^ 


urn 


(eV) 


L 1 L 2 


L 1 L 2 


La 


(6) 


Al jGej 0 Iiii sTey 0 


0. 98 


B B 


B A 


B 


(7) 


Al jGe J 0 sTeg 0 


1.05 


A A 


A A 


A 


(8) 


Al gGCj 0 5X64 0 


1. 10 


A A 


A A 


A 


(9) 


Al sGBi 0 Ing sTej 0 


1.33 


A A 


A A 


A 


(10) 


Al sGCj olflToTei 5 


1.60 


B A 


B A 


A 



ffifi£it«2 0 a t %l^±6 0 a t XUTf)^^ ^\Z0^\^l^o T em.!$.it 
T em^Jt2r2 0 a t 130^ 1 0 4: (Dm^^MhT 
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i^i^^aS^Tl^rV^Oo T e m^it^ 2 0 a t %R± 6 0 a t %&.Tt 

5 s&mm 1 0 4^lZ'^^n^ 1 n(Di^t)K) tVX. A1, Ga, Zn, 
^Ga, Si> Sn, Bi. Ti. Nb, Cr. Mo, Coa)^-&Oii> 
-5, 

10 (^JS^^J 3 ) 

1) $;^s£b;^Co Z(Dmi^ (11) aiS3 0 1 ibx, mi^ (i) 

15 ©S1S1 0 1 <h|^i;fe(7)^fflti. 3 0 2. 3 0 4. 3 0 6, 3 0 

8^ZnS-S iOg. IH^M SOS.SOT^InaSegi Cin 

0. 1 3 P ai7^j:^<i:^icW^^L, it^lCRF 5. lW/cm\DCl. 
2 7 W/ cm2(D/^'7-^SAb/c. IH^S 3 0 3 , 3 0 7 (Ommit. ^ 
20 n-?-*n 15nm, 40nm^:L, ^m.M 3 02. 304, 306. 30 
8 -etl-^tl 3 0 nm. 3 0nm, 6 5 nm, 5 5nm<i:bfe. 

^tz. mW (11) t3i3l.iT. IB^S 303. SOZ^GajSeat 
'tomm^'ttl^m O nm. 6 0 nmt L75:^^^{i, (11) 

tmmomsSLtvrcmi^ u 2) ^f^^Lfc. 

25 ;^i5, IBgi^^i^ I n 2 S e 3, G a 2 S e 3 tC^ frt-S E „ <^fitti » 
ni . 4 1, 1 . 6 5 T^^/iio 
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mw(DWitnmit. i^t&mo^^iz-Di.^x. mimmmo^mj^^. 

1 'BlXSW, 2 tf C/NJt^r^PJl^-r^ ;i t J: 0 fro fzo Sii 

(a 4) 









C/N 




#^ 




(eV) 


L 1 L 2 


L, 


(11) 




1.41 


A A 


A 


(12) 


S 6 3 


1. 65 


A A 


A 



5 (Ii5g^y4) 

:k\Z. fE^S 3 0 3 <D#*4^, SbzSeg, SbaSg. Sn7o03o 

iivtz^^m^-x:\is.mw (1 2) ti^=m©«^srwrsj«*^^£f^MLfc. 

C:tie.(^ m\Z. (1 3) (1 5) tr^o ClC^t^, 

m Hf^ii©MiiE«. lE^S 3 0 3 oms^^n^^n. ISnm, 20 
10 nm. 2 5 nmt -^KM, RD^II21ff$gM0M;?tt. T-^TJ^^: ( 1 

0. 7 0eV~2. 0 e Vc^^Si^jcbTiCofeo :in e> ^^T . 
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(^5) 





urn 


Eo 
(eV) 


C/N 


L, 


(13) 




1. 39 


A A 


A 


(14) 




1. 95 


B A 


A 


(15) 


Sn 7 0^30 


1.55 


A A 


A 



^5 {c^L;tJ:^lc. mi$^ (13) - (15) iz-Di^^xh-^^umm 

^^^^ y^jL^jV^-^O . 9eY&.±2. 0 eV&.TX$>^mmU 
5 ^^fflVi> j&i^IHgttCfflViS U-1f->tOi&«^ 3 0 0 nmj&^e) 4 5 0 

nm(Dm.miz t<o. :i<Du-if'-mzM-r^mmm(Dmj^m^ 3 o 
10 mmx^^. 

mumm^-^^o^. :i<Dmmm\zmm^tix\^^^mmu. -t^xcdj^. 
X, m.mx'$>^xm^-r^h(Dx\,t:f3:< . :$imm<Dmmit±^zmMxit 

15 ^^m-r^xhiiz.\z'^^^rLx\^^^o 
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V y'tmUT =^)Vy 7 7.i^m\Zii\^^X Q . 9 e V ^Al. 2 . 0 e VJ^ 
TT^ 0 , 3 0 0 nmJi^±4 5 0 n maT©^ffl(^^S:^^^T^ 

15 

3. mmmti^2m&.±.^i^-^n. '>fi,< iihV'-^^(Dx^m\zmhj5i 
I'ift^ssn^suT, ^<Dmnm\z^n^ts.mm(D^^j>^x^^u^<j):s:. 

V-ffA. T^)V7 7 7.^m\Zi6UX 0 . 9 eV£;±2. 0 

e ve^lTT^ 0 . 3 0 0 nmJ!^±4 5 0 n mt^TcD l/-lf-^^Ba 

20 ^\^rzii^(Dmw^^m\z^n^^mw-h^z o %£^±ir^^it^^2 

4 . Ummom-^ti^ l nmJ[^± 2 5 nm^J.-TX$>^mi^m 1 fClB«!t©7t 

25 

39 



wo 01/46950 



PCT/JPOO/09007 



(D^mmRcif^. WIEiH^^j&^T^;U7 TXt^^TS'St^OU'-lf- 
^feOSM^R a J: D h±t\^m^m 5 \ztm(D^^mmmmmh. 

yx^mcDmmm^n a, r^Ejiy 7 xi^mo^m^^^^k a •h-r-si:, 

na>2. 5, nc>2. 5, ka<2. 0 CDP^;&«Sg3£f S if 5 

1 0. m^a^mt7=Ej\^y 7x^mt^pim&i}izmitLo^un^^s^ 

Ikc-kal^O. 5 om^^^^ALt ^m:^m 9 ('IB«CD^#1f $gfS 
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